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THE GEOLOGY OF CEDAR VALLEY, IRON COUNTY, UTAH,
AND ITSRELATION TO GROUND-WATER CONDITIONS

by
Hugh A. Hurlow

ABSTRACT southwestern basin margins, and gradually decreases toward
the basin center as sedimentary deposits become progres-

depression on the southeastern margin of the Basin and@rY importance for water supply, but they are hydrologically
Range Province in Iron County, southwestern Utah. The connected to the basin-fill aquifer and include several high-
towns of Cedar City and Enoch, and adjacent parts of the val-transmissivity units that are important aquifers in other parts
ley, experienced a 105 percent population increase and a 11@f southwestern Utah.

percent increase in public-supply water use between 1980

and 2000, creating potential water-supply and water-quality

problems. This report addresses the geology of the Cedar INTRODUCTION
Valley drainage basin and its influence on the storage and
transport of ground water; it represents part of a cooperative, This report describes aspects of the geology of Cedar

multidisciplinary study of the hydrogeology of Cedar Valley Valley and adjacent areas, located in Iron County, southwest-
by the Utah Geological Survey and the U.S. Geological Sur- ern Utah (figures 1 and 2), that most directly influence the
vey, designed to help local officials address future water-sup- occurrence and flow of ground water. The report focuses pri-
ply issues. marily on unconsolidated to semi-consolidated basin-fill sed-
The principal aquifer in the Cedar Valley drainage basin iments of Quaternary-Tertiary age beneath Cedar Valley
consists of Tertiary sedimentary basin-fill deposits, chiefly because they are presently the most important aquifer for the
interbedded sand, gravel, silt, and clay. Most recharge isvalley, and secondarily on bedrock units because they are
derived from infiltration of Coal Creek into alluvial-fan hydrologically connected to the basin fill and are the target of
deposits near Cedar City. Coal Creek drains much of theincreasing ground-water development. A digitally compiled
Markagunt Plateau east of Cedar Valley; this highland geologic map (plate 1) and accompanying cross sections
receives the majority of the precipitation that falls in the (plate 2) illustrate the geology of the region. The cross sec-
drainage basin. The drainage basin is closed to surface outtions and related isopach maps show the large-scale geome-
flow except during extreme precipitation events, but minor try and stratigraphy of the basin fill, and are based primarily
underflow of ground water occurs in places along its north- on interpretations of 11 seismic-reflection lines obtained
western and southern margins. from Mobil Exploration and Production Services U.S., Inc.
Miocene- to Holocene-age normal faults bound the east- (now part of ExxonMobil).
ern and western margins of the Cedar Valley depositional The work summarized herein is part of a cooperative,
basin. The eastern basin-bounding fault system (EBBFS) ismultidisciplinary project by the Utah Geological Survey and
physically more continuous and accommodated significantly the Water Resources Division of the U.S. Geological Survey
greater displacement than faults along the western basin marto characterize the budget, flow, and chemistry of ground
gin. Subsidence of the EBBFS hanging wall created the water in the Cedar Valley drainage basin. The goal of the
Cedar Valley depositional basin, which accumulated up to project is to provide tools to help local and state officials
3,800 feet (1,160 m) of basin-fill sediment. This sediment manage ground-water development to sustain reserves and
was derived chiefly from the uplifting footwall, and was maintain high chemical quality. Such tools are necessary
deposited in alluvial-fan environments along the basin mar- because the population of the study area increased by about
gins and in fluvial and lacustrine environments in the basin 105 percent and water use from public suppliers increased
interior. Interpretation of seismic-reflection data collected by about 110 percent between 1980 and 2000, and ground-
by Mobil Exploration and Production Services U.S., Inc. water levels have gradually declined in most of the valley
reveals that the Tertiary basin fill contains three unconformi- since 1945 (Utah Division of Water Rights, 1982, 2000; Bur-
ty-bounded units and has a complicated subsurface structuralen, 2000; Utah Governor’s Office of Planning and Budget,
that is not entirely reflected by present-day topography. 2001a).
These relations indicate a complex evolution of coupled The principal conclusions of this project are as follows.
faulting and basin subsidence during Tertiary time. Unconsolidated Quaternary-Tertiary-age sediment in the
The transmissivity of the basin-fill aquifer, estimated Cedar Valley depositional basin forms two distinct sub-
from aquifer-test and specific-capacity test data, is greatest inbasins in the northeastern and southwestern parts of the val-
coarse-grained alluvial-fan deposits along the eastern andley. Both sub-basins comprise asymmetric, east-thickening
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Figure 1. Shaded-relief digital elevation model showing geographic and hydrologic features of Cedar Valley, Iron County, southwestern Utah. Poten-
tiometric-surface contours from Bjorkiund and others (1978); precipitation data from Daly and Weisburg (1997).



Figure 2. Photomosaic showing panoramic view across the southern and central parts of Cedar Valley taken from the northeastern part of Eightmile Hills (see figure 1 for location). The
lower part of the figure is a view to the south; the upper part of the figure is a view to the east-northeast.
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wedges that terminate against the eastern basin-bounding GEOLOGIC SETTING
fault system (EBBFS), a Quaternary-Tertiary-age normal-
fault zone responsible for basin formation. The basin-fill The Cedar Valley drainage basin is in the transition zone

sediment grades from coarse alluvial-fan deposits near thepenyeen the Basin and Range and Colorado Plateau physio-
basin margins to finer grained alluvial and playa deposits in graphic provinces (figure 4) (Threet, 1963; Scott and

the basin center. This facies variation largely controls the Swadley, 1995; Maldonado and others, 1997). The Basin
distribution of transmissivity within the basin-fill aquifer, . Ranbe Province consists of north- to northeast-trending,

with values ranging from over 20,000 square feet per day .
. ; normal-fault-bounded mountain ranges, composed of Ceno-
(>1,860 né/d) along the basin margins to less than 5,000 zoic volcanic rocks and normal faults superposed on Meso-

square feet per day (<465 in the basin center. The best oic to early Cenozoic thrust faults and folds, and adjacent
prospective bedrock aquifers in the area include fractured \Z/a:Ieys filleg with aITU\I/iaI I:custriune and voIca,nicIastiched
olcanic rocks below and adjacent to the southwestern basin; ' y X )

v ! W J umhv ! iment (Stewart, 1978; Eaton, 1982; Wernicke, 1992). The

margin, and fractured sedimentary rocks southeast of the - ;
basin. Mesozoic to early Cenozoic structures are part of the

technical or specialized geologic terms are defined in a glos-Western North America during Late Jurassic to Paleocene
sary located after the references. Geologic ages are reportedime (Armstrong, 1968; Royse and others, 1975; All-
with the abbreviations ka for thousands of years before pres-mendinger, 1992; Willis, 1999). The Colorado Plateau is
ent and Ma for millions of years before present. For exam- typically structurally simpler than the Basin and Range
ple, the phrase “the Pleistocene epoch lasted from 1.6 Ma toProvince, having experienced much less intense Mesozoic
10 ka” means that the Pleistocene epoch began 1.6 millionand Cenozoic deformation. Figure 5 illustrates the stratigra-
years before present and ended 10,000 years before presenphy of rocks and unconsolidated sediment, and figure 6 is a

Figure 3 shows the geologic time scale. simplified geologic map of the study area; appendix A and
Era Period Epoch Age Age estimates Era Period Epoch Age Age estimates
in Ma i !
in Ma
Holocene Late 245 (20)
Quatcrnary . 0.01 Permian 258
’ Pleistocene Early
1.6 286 (12)
Pliocene [.ate
Neogene 53 296 (10)
Cenozoic Miocene Pecmsylvanian Middle
237 315 (20)
Tertiary Oligocene Larly
26.6 320
Paleogene | Foecene Late
57.8 Mississippian 352 (8)
Paleocene Early
66.4 360 (10)
Maastrichtian Late
74.5(4) 374 (18)
Campanian Devonian Middle
84.0 (4.5) 387 (28)
Santonian Paleozoic Early
Tate 87.5 (4.5) 408 (12)
Coniacian Late
Cretaceous — - 88.5(2.5) - ‘ 421 (12)
luronian Silurian Early
91.0(2.5) 438 (12)
Ccenomanian Late
97.5(2.3) 458 (16)
Aptian Ordovician Middle
Mesozoic i 113 (4) 478 (16)
Early Albian Early
119(9) 505 (32)
Neocomian Late
144(5) 523 (36)
Late Cambrian Middle
163 (15) 540 (28)
Jurassic Middle Tarly
187 (34) 570
Early Lute Protervzoic
208 (18) 900
Late Proterozoic | V-ddle Proterozoic
230(22) 1600
Triassic Middle Early Proterozoic
240 (22) 2500
Early Late Archean
245 (20) 3000
Archean M:ddle Archean
1. Age estimates are from Palmer (1983), with uncertainties in 3400
parentheses, except where none are reported. Batly Archean 38007

Figure 3. Geologic time scale after Palmer (1983) and Hansen (1991).
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6 Utah Geological Survey

plate 1 provide more detailed versions of figures 5 and 6, ceous fluvial sandstone, conglomerate, and mudstone
respectively. exposed adjacent to Cedar Valley accumulated during Cor-

Mesozoic sedimentary rocks and Cenozoic sedimentary, dilleran fold and thrust belt activity to the west, and then
volcanic, and plutonic rocks crop out in the hills and moun- were deformed when the fold and thrust belt moved eastward
tains bounding Cedar Valley (figures 5 and 6). Triassic to into the study area (van Kooten, 1988; Fillmore, 1991; Gold-
Jurassic sedimentary rocks, consisting of interbedded sand-strand, 1994). Latest Mesozoic to early Cenozoic conglom-
stone, shale, and limestone deposited in shallow-marine ancerate, sandstone, and lacustrine limestone, exposed in the
fluvial environments, crop out along the Hurricane Cliffs and Hurricane Cliffs, Red Hills, and southern Three Peaks-Gran-
in parts of the Red Hills and Three Peaks-Granite Mountain ite Mountain area postdate most activity in the Cordilleran
area where they are tilted and folded due to deformation fold and thrust belt (Taylor, 1993; Goldstrand, 1994; Gold-
associated with the Cordilleran fold and thrust belt. Creta- strand and Mullett, 1997).

Age : Map Symbol it Approximate
(Ma) Period and Unit Name Description Thickness in feet (m)
QUATERNARY Qs Sedimentary Interbedded gravel, sand, silt and clay.| 0 - 150+ (0 - 45)
QThb Basalt Flows and small cinder cones. 0- 330+ (0-100)
1.6
QTs Sedimentary Interbedded gravel, sand, silt and clay.| 0-1,330 (0 - 405)
A 0-1,330 (0 - 405)
QUATERNARY| _—
TERTIARY Seismically Interbedded gravel, sand, silt, clay
defined basin-fill B | and sedimentary breccia. 0-1.,825 (0 - 555)
units —
c 0 - 980 (0 - 300)
Ti Intrusive rocks Quartz monzonite intrusions of the
“lron Axis.”
) Interbedded ash-flow tuff, volcanic
Tv Volcanic rocks breccia, flows, and related 0- 4,000
sedimentary deposits. (0-1,200)
TERTIARY
: Interbedded mudstone, siltstone, 2,190 - 2,320
TKs Sedimentary rocks sandstone, conglomerate, and (665 - 705)
limestone.
66
; Interbedded sandstone, mudstone, 2,700 - 3,600
CRETACEOUS| Ks Sedimentary rocks conglomerate, and coal. (825-1,100)
144
Js Sedimentary rocks Interbedded sandsione, siltstone, 3,900 - 5,150
JURASSIC v mudstone, and limestone. (1,200 - 1,575)
205
) Interbedded sandstone, siltstone, 2100 - 2.400
TRIASSIC | ®s Sedimentary rocks | mudstone, gypsiferous mudstone, 840 - 730
and minor conglomerate. ( - )

Figure 5. Generalized stratigraphic column for Cedar Valley drainage basin. Units correspond to those on figure 6. See appendix A for relation of

these map units to those on plates 1 and 2.
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Figure 6. Smplified geologic map of Cedar Valley drainage basin and adjacent areas. EBBFSis eastern basin-bounding fault system. Seefigure 5
for stratigraphic column, and appendix A for correlation of map units with those on plates 1 and 2.
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During mid-Tertiary time, the tectonic setting of south- dued relief. The precipitous Hurricane Cliffs form the south-
western Utah changed from fluvial and lacustrine sedimenta- eastern boundary of the valley and the northwestern bound-
tion with little active faulting to calc-alkalic volcanism ary of the Markagunt Plateau, locally over 10,000 feet (3,050
accompanied by relatively low-magnitude normal faulting m) in elevation. The Harmony Mountains, which bound the
(Rowley and others, 1979; Best and Christiansen, 1991). southwestern part of the valley, are locally over 8,000 feet
Voluminous Oligocene- to Miocene-age ash-flow tuffs, brec- (2,440 m) in elevation. The drainage basin is open only at its
cias, lava flows, and related deposits erupted from the Indiansouth end, and at Iron Springs Gap and Mud Spring Canyon
Peak, Caliente, and Marysvale caldera complexes during this(figure 1). Surface flow through these openings occurs only
time, covering much of southwestern Utah and eastern Neva-following extreme precipitation events (the most recent
da (figure 4; Mackin, 1960; Anderson and others, 1975; instance of surface outflow was about 50 years ago), and out-
Rowley and others, 1979, 1994, 1995). Remnants of theseflow of ground water is relatively minor (Bjorklund and oth-
volcanic deposits crop out in the hills and mountains bound- ers, 1978). Annual precipitation is 10 to 12 inches per year
ing Cedar Valley (figure 6; plate 1). Anortheast-trending belt (25-38 cm/yr) in the valley and adjacent low hills, and
of Miocene-age quartz monzonite intrusive masses, termedincreases with elevation to over 40 inches per year (102
the Iron Axis for the associated iron-rich vein deposits in the cm/yr) on the Markagunt Plateau and 15 to 20 inches per
plutonic rocks and adjacent sedimentary rocks, intruded theyear (38-51 cm/yr) in the Harmony Mountains (figure 1)
Jurassic Carmel Formation, producing topographic highs (Daly and Weisburg, 1997).

(Blank, 1959; Cook, 1960; Blank and Mackin, 1967; Rowley The potentiometric surface of ground water in Cedar
and Barker, 1978; Blank and others, 1992). Valley slopes radially away from Cedar City (figure 1; Bjork-

The Cedar Valley depositional basin formed as a graben|und and others, 1978), reflecting infiltration of stream flow
during Miocene to Quaternary time, due to displacement on from Coal Creek, the main perennial stream entering the
normal faults along its eastern and western margins. Evi- basin and the principal source of recharge to the basin-fill
dence presented below indicates that the eastern faultsaquifer (Thomas and Taylor, 1946; Bjorklund and others,
referred to herein as the eastern basin-bounding fault systemi978). The potentiometric surface forms a closed low encir-
(EBBFS), have greater displacement than the western faultscling Quichapa Lake, and is flat in the vicinity of Rush Lake
resulting in an asymmetric graben. Subsidence of the (figure 1). Discharge occurs by well pumping, evapotranspi-
EBBFS hanging wall accommodated deposition and accu- ration, flow from springs, and minor outflow through Iron
mulation of basin-fill sediment, principally derived from the  Springs Gap, Mud Spring Canyon, and the southern end of
surrounding mountains in the footwall of the normal-fault the valley.
system. The basin-fill deposits are chiefly alluvial and lacus- Basin-fill sediments are the principal producing aquifer
trine sediments that thicken eastward toward the EBBFS. for the towns of Cedar City and Enoch, and adjacent resi-
Fault displacement and sediment deposition occurred mainlydential and industrial developments. At least seven public-
during late Miocene through Pleistocene time (Anderson and supply entities, including Cedar City and the towns of Enoch
Mehnert, 1979; Williams and Maldonado, 1995; Maldonado and Kanarraville, withdraw over 2.3x3@allons (8.7x18L)
and others, 1997; Pearthree and others, 1998). Low sediof ground water annually from the basin-fill aquifer (Utah
mentation rates likely characterized the valley during Division of Water Rights, 2000). Private and small public-
Holocene time, except adjacent to active faults along the supply wells draw additional water from the basin-fill aqui-
base of the Hurricane Cliffs and on both sides of the Red fer, though some is reintroduced by irrigation return-flow.
Mountains. ) ) ] Cedar City is the only major public water-supply entity

A relatively wet and cold climate characterized mid- to jn Cedar Valley that currently collects water from springs for
late Pleistocene time, when Quichapa Lake and Rush Lakemunicipal use (Utah Division of Water Rights records).
formed in Cedar Valley and Little Salt Lake occupied the Most of these springs are in the Coal Creek drainage basin
northwestern part of Parowan Valley (Williams and Maldon- and issue from Cretaceous sedimentary rocks (figures 1 and
ado, 1995). These lakes did not coalesce, but drained indi-6; table B.2). Cedar City also draws water from three springs
vidually northwestward (Williams and Maldonado, 1995). in the Quichapa Creek drainage in the northeastern Harmony
Little Salt Lake drained through Parowan Gap to Rush Lake, Mountains; these springs issue from faults in volcanic rocks
which in turn drained to the Escalante arm through Mud of the Quichapa Group (figures 1 and 6; table B.2).

Spring Canyon, and Quichapa Lake drained through Iron  Ground water in Cedar Valley is primarily calcium or
Springs Gap (see figure 1 for locations). magnesium-sulfate type, and the concentration of total dis-
solved solids ranges from greater than 1,500 parts per million
near the mouth of Coal Creek to less than 300 parts per mil-

HYDROLOGIC SETTING lion in the southwestern part of the valley (Bjorklund and
others, 1978). The high concentration of total dissolved

Cedar Valley, like most surface-drainage basins in the solids in ground water at the mouth of Coal Creek results
Basin and Range, is topographically closed and undrained tofrom infiltration of water from the creek. The primary source
partly drained with respect to surface water (Eakin and oth- of the dissolved solids in Coal Creek is gypsiferous sedi-
ers, 1976; Bjorklund and others, 1978). The Cedar Valley mentary rocks of the Triassic Moenkopi and Jurassic Carmel
drainage basin covers about 580 square miles (1,5@p km Formations, which crop out along the lower reaches of the
including Cedar Valley, which ranges in elevation from about creek and its tributary drainages (Bjorklund and others,
5,300 to 5,900 feet (1,620-1,800 m), and adjacent hills and 1978). Nitrate concentrations in Cedar Valley ground water
mountains (figure 1). The hills bounding the western, north- are generally low, except in a limited area southwest of
ern, and northeastern parts of the valley have relatively sub-Enoch (Thomas and Taylor, 1946; Bjorklund and others,
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1978; Lowe and Wallace, 2001). Naturally occurring nitrate their geologic interpretations. The contacts drawn on the
in organic-rich sedimentary rocks of the Cretaceous Straight seismic-reflection profiles (figures 7b, 8b, and 9b) do not
Cliffs Formation exposed along the Hurricane Cliffs to the directly represent the subsurface geometry of the geologic
east may be a source for some of this nitrate (Lowe and Wal-units, because the vertical axes of the profiles are in units of
lace, 2001). time denoted as two-way travel time. The velocity of seis-
mic waves in rock and sediment depends on composition and
degree of consolidation, and is significantly lower in uncon-
GEOLOGY OF BASIN-FILL DEPOSITS solidated to semi-consolidated deposits such as the Cedar
Valley basin fill than in bedrock (Telford and others, 1976, p.
257-261). The result of this variation in velocity is that the
apparent thickness of the basin-fill deposits depicted on fig-

Geologic properties of basin-fill deposits considered ures 7b, 8b, and 9b is disproportionately large compared to
here to most directly influence the movement and storage ofthat of bedrock, and the apparent dips of faults bounding the

Introduction

ground water include: basin-fill deposits are steeper than their true values. To
remove this distortion and estimate the true geometry of the
1. large-scale basin geometry, including thickness, Cedar Valley depositional basin, four of the seismic-reflec-
shape, and contact relations between basin fill and tion profiles were converted to depth sections using the soft-
bedrock, ware program Geosec (access to the software provided by J.
2. stratigraphy, C. Coogan, independent consultant, Denver, Colorado, in
3. lithology, especially grain size, sorting, and lateral October, 1999). Sonic logs tife oil-test wells in and adja-
facies variations, and cent to Cedar Valley providedelocity estimates for the
4. composition, especially clay content. bedrock units. The depth-converted seismic-reflection pro-

. . . files were combined with surficial and well data to construct
The large-scale basin geometry and stratigraphic corre- o geologic cross sections (plate 2).

lations are constrained by interpretation of seismic-reflection For the purposes of this study, the most important factor
lines obtained from Mobil Exploration and Production Ser- i converting from time profiles to depth sections is estimat-
vices U.S., Inc. (now part of ExxonMobil). Data on compo- g the velocity of seismic waves in the basin-fill deposits.
sition and facies variations are relatively sparse, and the con-ggpic logs for the basin-fill deposits encountered in the oil-
clusions presented here are based on drillers’ logs of wateriagt wells in Cedar Valley are unavailable. The procedure for
wells, detailed logs of water-well cuttings (Wallace, 2001), estimating seismic-wave velocities of the basin-fill units

and observations of exposed sediments. included (1) making reasonable estimates of the velocity,
derived from sonic logs of test wells in other Quaternary-Ter-

L arge-Scale Geometry and Stratiaraph tiary extensional basins in Utah, and (2) refining these esti-
g y graphy mates so that the calculated depth of the base of the basin-fill

M ethods deposits on profile 735 at the Odessa Cedar City well

matched the true depth of this contact of 1,290 feet (393 m),

The geometry and stratigraphic correlations of the Cedar interpreted from the gamma-ray log of the well. The result-
Valley basin-fill deposits were delineated in this study using ing velocities are 5,000 feet per second (1,524 m/sec) for
11 seismic-reflection lines, collected by Mobil Exploration basin-fill units A (youngest) and B, and 6,500 feet per second
and Production Services U.S., Inc. from 1979 to 1981 (figure (1,981 m/sec) for unit C. Seismic-wave velocity in basin-fill
6), and geologic and geophysical logs from oil-test wells sediments typically increases with depth due to compaction
(table B.3) in and adjacent to the valley. Subsurface contacts(Telford and others, 1976, p. 257-261), but the depth-conver-
on the seismic-reflection profiles were picked where the pro- sion process did not account for this effect. The seismic
files intersect test wells having reliable geologic logs. The velocities and resultant thicknesses of the basin-fill units
contacts were then extrapolated through the profiles by fol- should, therefore, be regarded as minimum values.
lowing individual reflectors interpreted as corresponding to The reflection corresponding to the base of the Cedar
the contacts. Valley basin fill was first identified on seismic-reflection

The Odessa Cedar City #1 (OWS5, table B.3; plate 1, fig- profile 735 where it intersects the Odessa Cedar City #1 well.
ure 6) is critical for picking contacts on the seismic-reflection This contact was identified on the other profiles using (1) ties
profiles because it is the only well in the hanging wall of the with profile 735, (2) wells OW1, OW2, and USS (table B.3),
EBBFS having a reliable, detailed geologic log, and becausewhich provide minimum thickness values for the basin fill,
an interpretation of a seismic-reflection profile (recorded by and (3) by comparison with published interpretations of seis-
Arco Company [van Kooten, 1988]) that crosses this well is mic-reflection lines from other Tertiary extensional basins in
available. The interpretations are also based on the surfacehe Basin and Range Province (Anderson and others, 1983;
traces and dips of faults and contacts (plate 1), regional Smith and Bruhn, 1984; Effimoff and Pinezich, 1986; Liber-
stratigraphy and geologic history, and previously published ty and others, 1994; Evans and Oaks, 1996).
geologic cross sections (Wiliams and Maldonado, 1995; The interpretations presented here proceeded with sparse
Maldonado and others, 1997). The Mobil seismic-reflection supporting data compared to most industry-sponsored stud-
data forms a grid of intersecting profiles (figure 6), which ies, most notably the lack of sonic logs and detailed geolog-
permits cross-checking at intersection points, resulting in anic logs of exploration wells in the basin center. Such lack of
internally consistent set of geologic interpretations. Figures data makes picking contacts on the reflection profiles a high-
7 through 9 show three of the seismic-reflection profiles and ly subjective process. The interpretations presented below



10 Utah Geological Survey

A Northwest oD Mobhil Seismic-Reflection Profile 711 Southeast
Two-Way late? Area
Travel Time o ; Cedar of Red Parowan Two-Way
(sec) 796 figure 7c ! Wan Travel Time
7?:7 | Valley | 7?1 G?18 Hills Valley (sec)
i By R IR B TS0

B Northwest Mobil Seismic-Reflection Profile 711 Southeast
Two-Way D-D’ Two-W:
Travel Time (plate 2) 701 Par n Tra\\/lglein?}a,
(sec) 737 726 Cedar Valley GS18 Red Hills arowa (s00)
0.0 . | ) Valley

=1 0.0

Iy

\‘ LY s S
~)d - Ry : " e
i T M Pt Y B
ReEe =X
forg i ""S"':;@%;- ‘T‘Q""{”’“‘
o T ARt
- .
e Contact ]
. -
‘@,, Fault - E ¥
Kt s
:‘-—‘4:‘ Arrow on downthrown block [~
21 30

A B,C - Subdivisions of Quaternary-Tertiary basin-fill sediment; Tgm - Quartz monzonite; Tv - Tertiary volcanic rocks;
Ts - Tertiary sedimentary rocks; Kis - Iron Springs Formation; Jc - Carmel Formation; Ju - Navajo Sandstone, Kayenta, and
Moenave Formaticns, undifferentiated; Rs - Triassic sedimentary rocks; Pzs - Paleozoic sedimentary rocks.

C Mobil Seismic-Reflection Line 711

T Y L N T A O N RINCTT

; ML ekt R e N

e e R SR SO
Pl i B

.w»,,%*
e R
*,—,@
% P e

- ‘\,

2

) " ot .y i Wy . by ;mvph' \;"’Mr"'fﬂ’hlﬂt’.‘\mw e
e e e T NN R
ot L g W T S, g i g B 1
e N T 2 e T A T S S L

Figure 7. A. Wave-migrated time section and geologic interpretation of Mobil seismic-reflection profile 711, showing intersecting profiles. See fig-
ure 6 or plate 1 for location. B. Geologic interpretation. Cross section B-B’ (plate 2) is derived from a depth conversion of this interpretation. C.
Detail of wave-migrated time section. Circled number 1 is just above angular unconformity between basin-fill deposits above and volcanic rocks
below, and circled number 2 is just below contact between units A and B.
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Figure8. A. Wave-migrated time section and geologic interpretation of Mobil seismic-reflection profiles 735 and 735A, showing intersecting profiles.
See figure 6 or plate 1 for location. B. Geologic interpretation. Cross section D-D’ (plate 2) is derived from a depth conversion of this interpre-
tation. C. Detail of wave-migrated time section. Circled number 1 isjust below the angular unconformity that marks the contact between units A
and B, and circled number 2 is just above the contact between units B and C.
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A,B,C - Subdivisions of Quaternary-Tertiary basin-fill sediment; Tgm - Quartz monzonite; Tv - Tertiary volcanic rocks;
Ts - Tertiary sedimentary rocks; Kis - Iron Springs Formation; Jc - Carmel Formation; Ju - Navajo Sandstone, Kayenta, and
Moenave Formations, undifferentiated; Rs - Triassic sedimentary rocks; Pzs - Paleozoic sedimentary rocks.

Figure 9. A. Wave-migrated time section and geologic interpretation of Mobil seismic-reflection profiles 704 and 715, showing intersecting profiles.
Seefigure 6 or plate 1 for location. B. Geologic interpretation. Cross section A-A’ (plate 2) is derived from a depth conversion of a simplified ver-
sion of this interpretation.
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and on plate 2 must, therefore, be regarded as preliminary,jments are composed of weakly to well-consolidated, vol-
despite the detailed analysis and care invested in them. caniclastic sedimentary breccia, gravel, sand, and silt derived
from the Harmony Mountains and the Pine Valley Mountains

Results (see figure 4 for location) (Averitt, 1967; Anderson and

) o ) _ Mehnert, 1979). Unit Tamf is younger than 19 Ma, and its
Stratigraphy: The basin fill contains two laterally persist-  ypper age limit is poorly constrained but likely older than
ent angular unconformities (figures 7b, 8b, and 9b), as inter- aghout 1 Ma (Anderson and Mehnert, 1979). Possible litho-
preted from the seismic-reflection profiles. These two angu- |ogic changes in these older basin-fill deposits toward the
lar unconformities divide the basin fill into three informal center of the Cedar Valley depositional basin include (1)
units, in descending order A, B, and C. These units differ in increased thickness, (2) variation in clast composition to
reflectivity characteristics, geometry, and relations to the reflect bedrock in adjacent mountains, and (3) addition of
basin margins. interbedded lacustrine deposits, as documented in other

Unit A has the greatest areal extent of the three seismi- €xtensional basins in arid climates (Leeder and Gawthorpe,
cally defined basin-fill units, and relatively low reflectivity. ~ 1987).
The lower part of unit A thickens toward, and is offset by, the Basin geometry and structure: Isopach maps depicting the
EBBFS (figures 7b, 8b, and 9b), but the upper part of unit A total basin-fill thickness and the thicknesses of seismically
onlaps these faults. Unit A thins toward the western basin defined basin-fill units A, B, and C (figure 10) illustrate the
margin, where it onlaps unit B. Unit B is the thickest of the large-scale geometry of the Cedar Valley depositional basin.
three basin-fill units, and is characterized by numerous These isopach maps were derived by calculating the thick-
strong reflections of limited lateral extent, pronounced thick- ness of each basin-fill unit at regularly spaced intervals along
ening toward and moderate to large displacement by theeach seismic-reflection profile, using the velocities estimated
EBBFS, and depositional thinning toward the western basin from the depth-conversion process described above. Calcu-
margin (figures 7b, 8b, and 9b). Units A and B both exhibit lated basin-fill thicknesses are consistent with the logs of
decreased reflectivity near the EBBFS, likely the result of a water and oil-test wells in the valley.

greater proportion of poorly layered alluvial-fan sediment The total basin-fill isopach map (figure 10a), represent-
within the basin fill (Anderson and others, 1983). Unit C, the ing the sum of the thicknesses of units A, B, and C, illustrates

thinnest seismically defined basin-fill unit, is characterized the following characteristics of the Cedar Valley deposition-
by large-amplitude, laterally persistent reflections, and by g| basin.

only minor thickening toward, and large offset by, the
EBBFS. Unit C exhibits depositional thinning toward the
western basin margin.

The near-surface geometry and surface projections of the
contacts between the seismically defined basin-fill units can-
not be determined from the seismic-reflection profiles,
because the upper 0.2 to 0.3 seconds of these records, corre-

1. North and northeast of Cross Hollow Hills, the
basin-fill deposits thicken eastward toward the
EBBFS. The area of maximum basin-fill thick-
ness is west of the surface trace of the fault sys-
tem.

2. The Cedar Valley depositional basin is structurally
complex, containing two major longitudinal sub-

sponding to approximately the upper 500 to 600 feet (152-
183 m) of the basin-fill units, are of poor quality. Thus, the
units cannot be traced to the surface. This fact, combined
with the lack of wells with reliable, detailed geologic logs
within the basin fill near any of the seismic-reflection pro-
files, makes characterization of the composition and age of
units A, B, and C speculative. The following statements
summarize interpreted timing relations between faulting and
deposition of the basin-fill units.

1. Unit A overlies units B and C in all of the seismic-
reflection profiles, and accumulated during dis-
placement on the EBBFS, continuing to present
time.

2. Unit B accumulated entirely during displacement on
the EBBFS, and unit C formed during the earliest
stages of fault motion.

3. Units B and C exhibit depositional pinchout against
the western subsurface basin margin, and are
onlapped by unit A.

Interpretation of the seismic-reflection profiles suggests,

basins, designated the Rush Lake and Quichapa
Lake sub-basins, separated by a low-relief, trans-
verse intrabasin high, and several smaller sub-
basins and structural highs.

3. The Cross Hollow Hills and North Hills southwest

of Cedar City, and the area northwest of the Three
Peaks intrusion near the buried western basin mar-
gin, represent structural highs with topographic

expression. The isopach map (figure 10a) also
reveals buried structural highs not reflected by

surface topography within the basin-bounding

fault system, located north and south of Enoch.
Small-scale structural lows not reflected by sur-

face topography exist: (1) below Cedar City

between the Hurricane Cliffs and Cross Hollow

Hills, (2) below basalt deposits within the Enoch

graben north of Enoch, (3) along the western mar-
gin of the Red Hills north of the Rush Lake sub-

basin, and (4) north-northwest of Cedar City, des-
ignated the Mid- Valley sub-basin.

The Bouguer gravity-anomaly map for Cedar Valley and

therefore, that unit A corresponds to all of the exposed Qua- adjacent areas (figure 11a) closely reflects the large-scale
ternary basin-fill units in Cedar Valley and adjacent hills structure of the Cedar Valley depositional basin predicted
(units QTa, Qa, Qaf, and Qp on plate 1, and units QTs and Qshere from interpretation of the Mobil seismic-reflection pro-
on figure 6). Units B and C may correspond to older basin- files. The two large gravity lows are centered roughly on the
fill units of map unit Tamf, plate 1 (see Description of Map Rush Lake and Quichapa Lake sub-basins, but are offset
Units, appendix A), exposed in the Cross Hollow Hills, from these features to the northwest and southwest, respec-
North Hills, and the eastern Harmony Mountains. These sed-tively.
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Figure 10A. Isopach maps of Quaternary-Tertiary basin fill in Cedar Valley: RL - Rush Lake sub-basin; MV - Mid-Valley sub-basin; QL - Quicha-
pa Lake sub-basin; EG - Enoch graben. EBBFSis eastern basin-bounding fault system. Entire basin fill, representing the sum of the thicknesses of

seismically defined units A, B, and C.
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Interpretation of the seismic-reflection profiles and pre- those in the footwall, and results in a moderately west-dip-
vious gravity modeling (Cook and Hardman, 1967) yield ping structural panel of Mesozoic rocks in the hanging wall,
nearly identical estimates of the maximum basin-fill thick- contrasting with the gently dipping footwall. The interpret-
ness below Rush Lake -3,800 feet (1,160 m) from the seis-ed pre-extensional structure is a gently to moderately west-
mic-reflection profiles (figure 10a), and 3,900 feet (1,190 m) dipping thrust juxtaposing a hanging wall of moderately
from modeling of the gravity data by Cook and Hardman west-dipping Mesozoic rocks against a subjacent, gently dip-
(1967). As discussed above, the thickness estimate from theping footwall composed of the same formations. The
seismic-reflection profiles depends strongly on the velocities EBBFS initiated as steeply dipping normal faults near the
chosen for the basin-fill units, which were derived to fit the surface that curved to shallower dips to meet the pre-existing
Odessa Cedar City #1 well (well OWS5, table B.3) located in thrust faults at depth. Such relations are common elsewhere
a shallower part of the basin far from the Rush Lake sub- along the eastern margin of the Basin and Range Province
basin. Velocity estimation proceeded without knowledge of (Smith and Bruhn, 1984). Subsidence of the EBBFS hang-
the resultant maximum basin thickness. ing wall created the Cedar Valley depositional basin. Ter-

Based on their modeling of the Bouguer gravity-anom- tiary volcanic rocks that covered the region prior to normal
aly values, Cook and Hardman (1967, their figure 2) inter- faulting were buried below basin-fill sediment in Cedar Val-
preted Cedar Valley as a graben bounded on the east and wedy, and were largely eroded from adjacent, uplifting areas in
by steeply dipping, planar normal faults of significant dis- the footwall of the EBBFS.
placement (figure 12a). In their interpretation, the eastward The seismic-reflection profiles do not confirm the pres-
thickening of the basin results from the presence of a rela-ence of major east-side-down normal faults along the west-
tively flat-floored sub-graben in the eastern part of the basin. ern basin margin or in the basin interior. Cross sectiori A-A
Interpretation of the Mobil seismic-reflection profiles (cross (plate 2) depicts the only normal fault cutting the western
sections A-A through C-C, plate 2) suggests a different basin margin revealed by the seismic-reflection data. Steep
structure and evolution of the Cedar Valley basin. Bouguer-gravity and aeromagnetic gradients are present in

The Mobil seismic-reflection profiles indicate that Cedar western Cedar Valley above the buried southeastern margin
Valley basin is an asymmetric sag (Anderson and others, of the Three Peaks laccolith (figure 11) (Cook and Hardman,
1983) in the hanging wall of the EBBFS. The maximum dis- 1967; Blank and Mackin, 1967). These gravity and magnet-
placement on the EBBFS is about 6,000 to 7,500 feet (1,830-ic gradients, which result from strong density and magnetic
2,285 m), greatly exceeding that on the western faults (crosscontrasts, respectively, between the laccolith and adjacent
sections A-Athrough C-C, plate 2). This interpretation is  basin-fill sediment, indicate that the southeastern laccolith
consistent with a generalized cross section by Williams and margin is relatively abrupt but do not require a major east-
Maldonado (1995, p. 259) (figure 12b), although the EBBFS side-down normal-fault system.
is interpreted here to have a more complex listric geometry ~ The isopach maps constructed for each of the seismical-
with both concave-upward and convex-upward shapes at dif-ly defined basin-fill units (figures 10b, 10c, and 10d) reveal
ferent locations. important details not shown by the cumulative thickness map

The complicated geometry of the basin-bounding faults (figure 10a). Thickness variations in unit A define four sub-
at depth may result from (1) use of basin-fill velocities that basins (figure 10b): (1) southeast of Rush Lake, directly
are too slow, causing an apparent rise in fault surfaces andvest of the EBBFS, (2) in the Enoch graben, (3) northeast of
contacts underlying the basin, (2) soling of listric normal Quichapa Lake, and (4) between the Cross Hollow Hills and
faults into gently dipping, relatively planar parts of pre-exist- the Hurricane Cliffs. Structural highs within unit A include
ing thrust faults above deeper, more steeply dipping ramps,the Cross Hollow and North Hills, a small subsurface uplift
or (3) incorrect interpretation of the geometry of the basin- northwest of Cedar City, and the northern part of Cedar Val-
bounding faults at depth. Basin-fill velocities were not ley (figure 10Db). _
adjusted after the initial depth conversions to produce geo-  The isopach pattern for unit B defines sub-basins below
metrically simple fault surfaces, due to the coincidence be- Rush Lake, in the geographic center of the valley (denoted as
tween basin depths calculated from seismic and gravity Mid-Valley sub-basin), and in the Enoch graben (figure 10c).
(Cook and Hardman, 1967) methods, as described aboveThe Mid-Valley and Rush Lake sub-basins are separated by
Although great care was taken in locating the EBBFS and @ broad, northwest—tre.ndlng buried mtrabas_ln platform, and
other faults on the seismic-reflection profiles, this process the Mid-Valley and Quichapa Lake sub-basins are separated

was subjective, as described above, and other workers mayy @ more pronounced, northwest-trending intrabasin ridge.
interpret the same profiles differently. These intrabasin structural highs subsided more slowly than

Multiple generations of faults having opposite sense of the adjacent sub-basins, but nonetheless accumulated sedi-

displacement would likely result in complicated fault-plane ment above them and may or may not have been positive
geometries, and is considered here the most likely explana-topographic features at times during their evolution.

tion for the fault geometries displayed on plate 2. This inter-  The isopach pattern for unit C also reflects the presence
pretation is best supported by seismic-reflection profiles 704 of the Rush Lake and Quichapa Lake sub-basins (figure
and 715 (figure 9), with corresponding cross section’ A-A 10d). Unit C likely accumulated during the early stages of
(plate 2). Based on regional relations, the angular unconfor-displacement on the EBBFS.

mity visible on the eastern part of the profile must be the base

of Tertiary-age deposits, so formations below this unconfor- Composition and Facies Distribution

mity must be Mesozoic age. Restoration of normal displace-

ment on the EBBFS (not shown) places the depositional con-  Holocene basin-fill sediments in Cedar Valley include
tacts between Mesozoic units in the hanging wall higher than silt, sand, gravel, and clay (figure 13). These sediments
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accumulated in fluvial and distal alluvial-fan (map unit Qa, fill unit A (figures 5 and A.1).

plate 1), proximal to medial alluvial-fan (map unit Qaf, plate Pleistocene and Pliocene basin-fill deposits (map unit
1), and playa (map unit Qp, plate 1) environments. Proximal QTs; figure 13) include weakly consolidated to unconsoli-
alluvial-fan deposits are present along the valley margins anddated sand, silt, and clay, interbedded along the valley mar-
are poorly sorted with poorly defined layering. Medial to gins with semi-consolidated to consolidated gravel and sedi-
distal alluvial-fan deposits show decreasing grain size and mentary breccia, all deposited in alluvial-fan and fluvial
increasing sorting and layering toward the valley interior, environments (Rowley, 1976; Rowley and Threet, 1976;
and grade into fluvial deposits characterized by comparative- Maldonado and Williams, 1993b). Average grain size
ly finer average grain size and greater sorting and layering. decreases and the degree of sorting and layering increases
Playa deposits consist of fine-grained, locally gypsiferous toward the valley center. As in other Tertiary extensional
sand, silt, and clay. Holocene deposits in Cedar Valley arebasins in the Basin and Range Province, the alluvial deposits
probably up to 150 feet (46 m) thick along the eastern valley are likely interbedded with lacustrine deposits in the central
margin and in the Coal Creek alluvial fan below and north- and eastern part of the valley (Anderson and others, 1983;
west of Cedar City, and 25 to 100 feet thick (8-31 m) Leeder and Gawthorpe, 1987). Map unit QTa likely corre-
between Mud Spring Canyon and the southern part of thelates with the middle to lower part of seismically defined
North Hills, although these values are not well constrained. basin-fill unit A (figures 5 and A.1).

North of Mud Spring Canyon, Holocene deposits form a Three schematic cross sections constructed from well
gravel veneer above older alluvial-fan deposits (unit QTa) drillers’logs (figure 15) show that the Cedar Valley basin-fill
(Rowley, 1976; Rowley and Threet, 1976) and thin deposits deposits consist of interbedded medium- to coarse- and fine-
in active washes, except along the western margin of the Redgrained deposits at scales of tens to several tens of feet. No
Hills where they are at least 100 feet (31 m) thick (Maldon- individual deposit extends laterally for more than about a
ado and Williams, 1993a, 1993b). Map units Qa, Qaf, and mile (1.6 km), although the imprecision of the drillers’ logs
Qp correlate with the upper part of seismically defined basin- may obscure the identification of some laterally persistent
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Figure 13AB. Photographs of basin-fill depositsin Cedar Valley. A. Alluvial-fan deposits of Coal Creek, exposed in a quarry on the southwest cor-
ner of Cedar City Municipal Airport. Deposits are unconsolidated, interlayered gravel (g), sand (sa), and silt (si) of map unit Qaf. Hammer is 11
inches (23 cm) long. B. Closer view of interlayered gravel and sand, exposed in same quarry as figure 13A. Pen is 6 inches (15 cm) long.
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Figure 13CD. C. Weakly consolidated to unconsolidated boulder gravel of map unit QTa, exposed in south-draining wash in the southeastern part
of the North Hills in southeastern Cedar Valley. Clastsinclude monzonite of Pine Valley, Claron and Iron Springs Formations, and quartzte pebbles.
Hammer is 11 inches (23 cm) long. D. Moderately to weakly consolidated silt (si), sand (sa) sedimentary breccia (sb) of map unit QTa, exposed on

the eastern wall of upper Lost Soring Hollow, in northern Cedar Valley. Hammer is 11 inches (23 cm) long.
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Figure 13EF. E. Sty sand of map unit QTa, exposed on the eastern wall of upper Lost Spring Hollow, in northern Cedar Valley. Hammer is 11
inches (23 cm) long. F. Moderately consolidated to cemented pebble gravel overlying moderately consolidated sedimentary breccia, both of map unit
QTa. Exposed along the southwestern margin of Mud Spring Canyon in northwestern Cedar Valley. Hammer is 11 inches (23 cm) long.
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beds. The relative proportion of medium- and coarse-grainedstage 2). The intrabasin has a low subsidence rate due to its
deposits to fine-grained deposits decreases from the valleyposition between the fault centers, and may be bounded by
margins toward the valley center, and the upper 25 to 100displacement-transfer fault zones (Schlische and Anders,
feet (7-30 m) is commonly finer grained than underlying 1996; Faulds and Varga, 1998). After the propagating faults
deposits, similar to trends observed in surface exposures. intersect, the two sub-basins are unified into one basin
bounded by a single fault system, and the intrabasin high
. " . acquires the greatest subsidence rate within the basin by
Evolution of Cedar Valley Depositional Basin virtue of its position at the new geometric center of the basin-
and Related Faults bounding fault system (figure 17, stage 3). This leads to bur-
ial of the intrabasin high and topographic leveling of the
The geometry and contact relations of the basin-fill de- basin, concealing the sub-basin topography.
posits, older rock units, and faults interpreted from the Mobil Applying the above model to the Cedar Valley deposi-
seismic-reflection profiles, coupled with map relations and tional basin, the Rush Lake sub-basin originated in the hang-
regional chronology, elucidate the depositional and structur- ing wall of a northeast-striking normal fault along the west-
al evolution of Cedar Valley, as summarized in the following ern margin of the present-day Red Hills, the Mid-Valley sub-
paragraphs and figure 16. Based on limited constraints onbasin originated in the hanging wall of a now concealed nor-
the timing and nature of faulting events in the region, and on mal fault south and slightly east of the fault bounding the
the interpretive nature of the Cedar Valley basin-fill stratig- Rush Lake sub-basin, and the Quichapa Lake sub-basin orig-
raphy, the following history of the Cedar Valley depositional inated in the hanging wall of a northeast-striking normal fault
basin and related normal faults should be considered prelim-northwest of the present-day North Hills and Cross Hollow
inary. Hills (figure 16). Deposition of seismically defined basin-fill
Prior to about 21 Ma, a topographically subdued vol- unit B accompanied faulting and related basin subsidence. A
canic plain characterized the land surface of southwesternnorthwest-trending, transverse intrabasin high separated the
Utah, and Cedar Valley did not exist, as indicated by the uni- Quichapa Lake and Mid-Valley sub-basins, and a northwest-
form regional distribution and gradual thickness changes of trending, broad topographic bench separated the Mid-Valley
Miocene ash-flow tuffs erupted from eastern Nevada and and Rush Lake sub-basins (figure 16). It is uncertain when
southwestern Utah (Mackin, 1960; Rowley and others, the initial basin-bounding faults became linked. The Parag-
1979). Intrusion of the quartz monzonite laccoliths of the onah fault, the main basin-bounding fault of the Parowan
Iron Axis created a northeast-trending topographic ridge Valley depositional basin east-northeast of Cedar Valley (fig-
defined by the axes of the intrusions (Hacker, 1998). This ure 6), likely initiated at about the same time as the Cedar
ridge became the western margin of the Cedar Valley depo-Valley EBBFS (Williams and Maldonado, 1995; Maldonado
sitional basin after normal faulting commenced. Basin-fill and others, 1997).
unit C is interpreted to represent sediment derived from the The timing of initial motion on the Cedar Valley EBBFS
Iron Axis topographic high. is not well defined. Rowley and others (1979) and Anderson
Formation of the Cedar Valley depositional basin com- and Mehnert (1979) noted that on the northwestern margin of
menced with initiation of the EBBFS, causing hanging-wall Cedar Valley, basalt flows dated at about 9 to 10 Ma are
subsidence and footwall uplift. Material eroded from the interbedded with basin-fill deposits overlying Miocene vol-
footwall and from the Iron Axis topographic ridge accumu- canic rocks, and deduced that motion on the EBBFS began
lated in the hanging-wall basin, forming seismically defined around 10 Ma. The interpretations presented above suggest,
basin-fill units B and C. The geometry of units B and C and however, that faulting and basin formation began prior to 10
their relation to the basin-bounding faults are very similar to Ma. The deposits described by Anderson and Mehnert
other published seismic-reflection profiles of Tertiary synex- (1979) and Rowley and others (1979) are not the earliest
tensional basins in the Basin and Range Province (Andersorbasin-fill deposits of Cedar Valley, but are part of seismical-
and others, 1983; Effimoff and Pinezich, 1986). ly defined basin-fill unit A, which overlies synextensional
The development of sub-basins within a larger synexten- basin-fill units B and C. Major displacement on Basin and
sional depositional basin is common throughout the Basin Range normal faults began around 12 Ma in northern Utah
and Range (Anderson and others, 1983; Effimoff and and southeastern Nevada (Stewart, 1998), implying a similar
Pinezich, 1986; Schlische and Anders, 1996), and can betime of initiation of the Cedar Valley EBBFS.
interpreted in terms of a model expressing the relation The Enoch graben and Mid-Valley sub-basins initiated
between faulting and basin development by Schlishce andduring deposition of unit B, in a structurally complex zone
Anders (1996) (figure 17). In this model, the sub-basin between the faults bounding the Quichapa Lake and Rush
structure is related to initiation of the main basin-bounding Lake sub-basins (figure 16). The northern boundary of this
fault system as a series of approximately co-linear, uncon-zone trends northwest, and is co-linear with the northern
nected faults (figure 17, stage 1). The initial faults lengthen boundary of the Rush Lake sub-basin. The northern bound-
parallel to their strikes as displacement continues (figure 17, ary of the Enoch graben is also coincident with the southern
stage 2). This style of fault growth produces longitudinal boundary of exposures of the Jurassic Navajo Sandstone in
basins adjacent to each fault, characterized by maximumthe footwall of the EBBFS. These exposures may represent
cumulative hanging-wall subsidence and basin-fill thickness a local culmination of Cretaceous-Paleocene thrust-related
at the geometric center of the fault, and by an oval shape instructures that is probably bounded on the north and south by
plan view with the long axis parallel to the fault. Longitudi- northwest-trending transverse faults and/or ramps. The south-
nal sub-basins separated by transverse intrabasin highs charern ramp or fault is interpreted here to localize the northern
acterize the early synextensional basin structure (figure 17,boundaries of the Enoch graben and Rush Lake sub-basin.
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Figure 17. Basin growth and filling model for two closely overlapping fault segments. From Schlishce and Anders (1996).

Uplift of the North Hills, Cross Hollow Hills, and the to a position above the transverse intrabasin high formerly
buried culmination east of the Mid-Valley sub-basin likely bounding its northern margin, and the intrabasin high
began during deposition of unit A (figure 16). The North encroached on the Mid-Valley sub-basin, which ceased
Hills and Cross Hollow Hills are complexly faulted active subsidence. This northeastward movement may have
antiforms in the footwall of the fault bounding the eastern been caused by impingement of the southwest-propagating
margin of the Quichapa Lake sub-basin, and are in the hang-Paragonah fault on the central part of the Cedar Valley
ing wall of the Hurricane fault (Anderson and Mehnert, EBBFS (figure 16). Such impingement would have reduced
1979). The structural culmination below Enoch is in the the net horizontal displacement rate across the EBBFS by
footwall of the normal fault bounding the eastern margin of placing its footwall in the hanging wall of the Paragonah
the Mid-Valley sub-basin, and in the hanging wall of the fault fault. The Rush Lake sub-basin continued to subside and
that forms the western boundary of the Enoch graben. Theexpand, and subsidence along the western margin of the
mechanisms causing the uplift of these localized culmina- Enoch graben increased during this time.
tions are unclear, though deposition of the Tertiary Claron The structural and depositional setting of Cedar Valley
Formation on the Jurassic Navajo Sandstone in the Northalso changed during the late stages of deposition of unit A,
Hills (plate 1; Averitt, 1967) indicates that this area was a after early Pleistocene time (figure 16). Displacement on the
structural high during Cretaceous to Paleocene contractionalsouthwestern part of the EBBFS ceased, but continued along
deformation. the segment bounding the western Red Hills (figure 16)

Subsidence in the Cedar Valley depositional basin (Wiliams and Maldonado, 1995). South of the Red Hills,
changed during the early stages of deposition of unit A (fig- active normal faulting shifted east, due to initiation of move-
ure 16). The locus of maximum subsidence in the Quichapament on the Hurricane fault (figure 16) (Anderson and
Lake sub-basin and the associated intrabasin high bothMehnert, 1979). North of Cedar City, displacement on the
moved northeastward. The Quichapa Lake sub-basin movedHurricane fault apparently transfers into the Cedar City-
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Parowan monocline (figure 6; plate 1) (Threet, 1963; An- monitored (Bjorklund and others, 1978). To adjust for this
deson and Mehnert, 1979). Subsidence of the Cedar Valleysystematic difference, Bjorklund and others (1978, p. 23)
land surface slowed, as did the deposition rate of unit A. increased their transmissivity estimates from equation (1) by
Subsidence in the hanging wall of the Hurricane fault creat- an unspecified amount, presumably 50 percent. Their results
ed the Cedar City sub-basin east of the Cross Hollow Hills, showed that transmissivity of the Cedar Valley basin-fill
and uplift of its footwall formed the Hurricane Cliffs (figure aquifer is greatest in alluvial-fan deposits on the east-central
16). Deformation of the Cross Hollow Hills and North Hills  (near Cedar City), southwestern, and north-central valley
antiforms in the hanging wall of the Hurricane fault contin- margins. Bjorklund and others (1977) provided specific
ued after 1 Ma, as demonstrated by tilting and faulting of capacity values for the wells used in their calculations, but
dated basalt flows in these areas (Anderson and Mehnertdid not document (1) their resultant transmissivity estimates,
1979). Onlap of the upper part of unit A over the basin mar- (2) the pumping duration of the tests, or (3) the storativity
gins and continued deposition in the basin center concealedvalues they used. Because the calculations of Bjorkland and
some of the topography related to the complex sub-basinothers (1977, 1978) cannot be reproduced without the data
structure that had previously characterized the Cedar Valley|isted above, new transmissivity estimates for the same wells
depositional basin. The topographic depressions aroundwere calculated for this study.

present-day Rush Lake and Quichapa Lake, and the subtle,
transverse intrabasin high that separates them are interpreted
here as relics of earlier topography and sub-basin structure in
Cedar Valley.

M ethods

The new transmissivity estimates for wells used by
Bjorkland and others (1977, 1978) employ the equation of

TRANSMISSIVITY ESTIMATES FOR THE Razack and Huntley (1991, in Fetter, 1994, p. 257),

BASIN-FILL AQUIFER (2) T = 33.6(0/[a-h])067

Introduction

Bjorklund and others (1978, their plate 2 and pages 21-
23) calculated and illustrated the transmissivity of the Cedar
Valley basin-fill aquifer. Transmissivity estimates for post-

1978 water wells are calculated here and combined with the

results of Bjorklund and others (1978) to improve the spatial
distribution and accuracy of transmissivity estimates for
Cedar Valley.

Previous Work

Bjorklund and others (1978) estimated the transmissivi-
ty of the Cedar Valley basin-fill aquifer from specific-capac-
ity data for 51 wells, using

(1) T = Q/(hy-h) x (2.3/4pi) x log(2.25TtAS) (Theis, 1963)
where:

hg = Pre-test water level in the well.

h = Post-test water level.

Q(hg-h) = Specific capacity of the well, in cubic feet
per day per foot of drawdown.

t = Test duration, in hours.

r = Radius of the pumping well, in feet.

T = Aquifer transmissivity, in square feet per day.

S = Aquifer storativity (dimensionless).

Solution of equation (1) is iterative; an initial value for T
is used in the right side of the equation, and is adjusted until
the solution and the initial value converge. The equation also

requires an independent estimate for S, assumes 100 percelﬁ

well efficiency, and does not account for well-bore storage
(Fetter, 1994, p. 256).
Transmissivity estimates using equation (1) were 40 to

where:
T = Transmissivity, in square feet per day.
Q = Pumping rate, in cubic feet per day.
hg-h = Drawdown in feet.

Equation (2) is based on an empirical relation between
specific capacity and transmissivity for 215 water wells in an
alluvial ground-water basin in Morocco. Table 1 presents
transmissivity estimates using equation (2) for water wells
used by Bjorklund and others (1977, 1978).

For post-1977 wells, transmissivity estimates from spe-
cific-capacity tests of eight hours or longer were calculated
using the algorithm TGUESS (Bradbury and Rothschild,
1985). This algorithm is more accurate than equations (1)
and (2) because it accounts for partial penetration of the
aquifer, perforation of less than the entire casing, removal of
water stored in the well bore during the early stages of the
tests, and less than 100 percent well efficiency (Bradbury and
Rothschild, 1985). Table 2 presents transmissivity estimates
using TGUESS for specific-capacity test data from post-
1978 water wells in Cedar Valley.

Specific-capacity test data from drillers’ logs of six of
the wells used by Bjorklund and others (1977, 1978) are suf-
ficient to use in TGUESS (table 3). These corrected values
are used in the following analysis.

Results from the two methods of estimating transmissiv-
ity from specific-capacity tests described above must be
combined to increase the density and spatial distribution of
data points in Cedar Valley over those presented by Bjork-
lund and others (1978). Figure 18a and tables 1 and 2 show
pat transmissivity estimates using equation (2) are systemat-
ically greater than those using TGUESS for the same wells,
and figure 18b shows that the percent difference between the
two methods decreases with increasing transmissivity values.

60 percent lower than estimates from more rigorous aquifer Linéar regression of the natural logs of transmissivity esti-
tests in which the discharge rate and ground-water levels inMates from the two methods (figure 19) yields the equation:
the pumped well and up to three observation wells were (3) In(T1) = 1.6(x0.01)x(InT2) — 6.2(x0.09)
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where: ers (1978) concluded. The transmissivity values generally
range from 10,000 to 20,000 square feet per day (930-1,860
m2/d) in proximal to medial alluvial-fan deposits (map unit
Qaf) along the eastern and southwestern valley margins, and
are less than 10,000 square feet per day (Faf) im stream,
distal alluvial-fan, and playa deposits in the valley center.
The variations in both sediment characteristics and average

X 5 ; transmissivity values are gradual and irregular. Proximal to
and others (1977, 1978), derived using equation (2), Were naia| alluvial-fan deposits have greater average grain size,

adjusted using equation (3) to make them more consistentsyer degrees of sorting and layering, and fewer clay-rich
with transmissivity estimates for post-1978 wells derived layers than distal alluvial-fan, stream, and playa deposits.
using TGUESS (table 1). _ These characteristics likely result in higher average and more

Table 4 shows data and results from aquifer tests report-pomogeneously distributed transmissivity in the proximal to
ed by Bjorklund and others (1978) and from six more recent megial alluvial-fan deposits than in the distal deposits.
aquifer tests. These estimates are considered more accuratgransmissivity values are likely more heterogeneously dis-
than those derived using equations (1) through (3). Trans-yripyted in the valley-center deposits, and the transmissivity
missivity estimates from different observation wells from the ¢ individual, well-sorted sand and gravel layers may greatly
same test may be fairly consistent, or may vary considerablyexceed the average values of the alluvial-fan deposits. As
(compare tests T-2, T-4, and T-10, table 4). This variability noted by Bjorklund and others (1978), clay-rich layers likely
is likely a function of both the heterogeneity of the basin-fill create the leaky confined conditions that predominate in the
aquifer and imperfect test conditions (variable pumping rate, yalley-center deposits by retarding upward flow of ground
for example). water in underlying sand and gravel layers, whereas uncon-
fined conditions exist in the poorly layered deposits along the
valley margins.

The transmissivity values in figure 21 and tables 1

. L ) through 4 are derived from wells screened over a wide range
‘Table 4 and figure 20 compare transmissivity estimates ¢ depths, from about 50 to over 1,000 feet (15-305 m).
derived using TGUESS with estimates from the same wells These wells draw water predominantly from Holocene to

derived from more sophisticated analysis of the aquifer-test middie Quaternary deposits of map units Qa, Qaf, and QTa
those from aquifer tests for drawdown data indicating trans- gefined basin-fill unit A. The Holocene to early Quaternary
missivity of less than about 10,000 square feet per day (930stream and alluvial-fan deposits of units Qa and Qaf likely
m2/d). For recovery data and for tests indicating transmis- nave greater transmissivity than the middle Quaternary to
sivity of greater than about 10,000 square feet per day (930pliocene alluvial deposits of unit QTa, based on field obser-
m2/d), TGUESS provides a poor match to aquifer-test results. yations described above. The thicknesses of units Qa and
Transmissivity estimates from specific-capacity data in ;hls Qaf are poorly known, so an isopach map for these deposits
study may be either higher or lower than those from aquifer- cannot be made. The transmissivity of the Cedar Valley

test data from the same wells, in contrast with the results of hasin-fill deposits likely decreases with depth due to increas-
Bjorklund and others (1978, p. 23) noted above. ing compaction and diagenesis.

Figure 21 shows the distribution of transmissivity esti-
mates for the Cedar Valley basin-fill aquifer determined in .
this study, as described above. Transmissivity values range Influence of Faults and Basin Geometry
from over 20,000 square feet per day (1,860djnnear the
eastern and southeastern valley margins to less than_5,00% dGrc:(undﬂ\]Na}ertmaﬁ/tflot\)N _acrfgilss tt?]e EBBFS’ frolrln
square feet per day (46%4d) in the valley center. The dis- de r?ﬁjinm ne 08 ";’al fot ‘;"5'” (Ijr In p elt a;ln%:/ngmwa e
tribution of estimated transmissivity in figure 21 is more G€PENdIng on several 1aclors. oss-ault flow may i
complicated than, but generally consistent with, the results of 9réatér where bedrock having moderate to high permeability,
Bjorklund and others (1978). These results show variations such as the Navajo Sandstone, abuts the basin fill than where

and approximate magnitudes of the transmissivity of the [OW-permeability units, such as the upper part of the Chinle
basin-fill aquifer at a valley-wide scale, but should not be Formation, are present. In general, the development of fine-

used to estimate or predict hydrologic properties at specific 9r2ined fault material along the fault plane and cementation
of adjacent rock due to circulation of ground water or geo-

T1 = Transmissivity estimate using TGUESS.
T2 = Transmissivity estimate using equation (2).

The goodness-of-fit (R of equation (3) is 0.997, indi-

cating an excellent fit to the data.
The transmissivity estimates for wells used by Bjorklund

Results

locations. X VL e
thermal fluids may significantly reduce or eliminate cross-
fault permeability (Caine and others, 1996), but the degree of
HYDROGEOL OGIC IMPLICATIONS OF S o along the fadlts bounding the
BASIN-FILL GEOLOGY Based on differences in ground-water chemistry across
the projected traces of faults in the Enoch graben, Thomas
Relations Among Transmissivity, Facies and Taylor (1946) suggested that these faults formed hydro-
Distribution, and Stratigraphy logic barriers within the basin fill. In contrast, Bjorklund and

others (1978, p. 26) reported that an aquifer test in Parowan
Figure 21 shows that transmissivity varies systematical- Valley indicated no measurable effects from two faults
ly with sediment type in Cedar Valley, as Bjorklund and oth- whose projections passed between the pumping well and



Table 1. Transmissivity estimates for wells used by Bjorklund and others (1977, 1978) to calculate
transmissivity of Cedar Valley basin-fill aquifer, and corrections to these values based on equation

(3) in text.
LOCATIONP RESULTS
Corrected
SC¢ Transmissivity? | Transmissivity® T from

D2 | T R_| Sec | Point | (gpm/ft) (ft2/d) (ft2/d) TGUESS (ft?/d)f

1 133S | 10W | 31 | ada-1 88.0 22900 25900 -
2 [ 33S | 10W | 31 | adb-1 60.0 17700 17000 -

3 [33S | 12W | 14 | dda-1 2.0 1810 400 350
4 [34S | 11W | 1 daa-1 17.0 7610 4300 -

5 [34S | 11W | 14 | aad-1 100.0 24900 29800 -

6 [34S | 1MW | 23 | bad-1 9.0 4970 2100 2200

7 [34S | 1MW | 36 | dcc-2 45.0 14600 12400 -

8 [35S | 10W | 18 | cca-1 33.0 11900 8900 -

9 [35S | 10W | 18 | ccb-1 20.0 8500 5100 -
10 [ 35S | 1MW | 5 | bbc-1 0.7 900 130 -
11 [ 35S | 11W | 8 | dcc-1 3 2380 640 620
12 [35S [11W | 9 cce-1 35.0 12300 9400 -
13 [ 35S | 1MW | 12 | dcd-1 3.0 2380 640 -
14 [ 35S | 11W | 12 | ddd-1 19.0 8200 4800 -
15 [ 35S | 11W | 13 | cbec-1 16.0 7310 4000 4200
16 [ 35S | 11W | 13 | ddb-1 22.0 9040 5600 -
17 [ 35S | 11W | 14 | aac-1 7.0 4200 1600 1500
18 [ 35S | 1MW | 17 | dcd-1 20.0 8480 5100 -
19 [ 358 | 11W | 21 | cdc-1 15.0 7000 3700 -
20 [ 35S | 1MW | 21 | dbd-1 17.0 7610 4300 -
21 [ 358 | 1MW | 24 | aab-1 83.0 22000 24300 -
22 [ 358 | 1MW | 27 | acc-1 14.0 6680 3500 -
23 [ 35S | 1MW | 27 | bbc-1 60.0 17700 17000 -
24 [ 35S | 1MW | 27 | cdd-1 66.0 18900 19000 -
25 [ 358 | 1MW | 27 | dbb-1 33.0 11900 8900 -
26 [ 35S | 1MW | 29 | acd-1 21.0 8770 5400 -
27 [ 35S | 1MW | 31 | acd-1 18.0 7900 4500 -
28 [ 35S | 1MW | 32 | abd-1 24.0 9590 6200 -
29 [ 358 | 1MW | 32 | acd-1 22.0 9040 5600 -
30 | 35S [ 1MW [ 32 [ dba-1 6.0 3790 1400 -
31 ]35S [ 1MW [ 33 [ aac-1 51.0 15900 14300 -
32 | 35S [ 1MW [ 33 | bad-1 18.0 7910 4500 -
33 | 35S [ 1MW [ 33 [ bbd-1 68.0 19300 19600 -
34 | 35S [ 1MW [ 34 [ bad-1 80.0 21500 23400 -
35 | 35S [ 12W [ 27 [ bbd-1 3.0 2380 640 -
36 | 35S [ 12W [ 27 [ bca-1 2.0 1810 400 -
37 | 35S [ 12W [ 27 [ bcb-1 3.0 2380 640 -
38 | 35S [ 12W | 36 | dad-1 3.0 2380 640 -
39 | 35S [ 12W | 36 | dba-1 20.0 8480 5100 -
40 [36S | 1MW | 5 | cac-1 46.0 14800 12700 -
41 [36S [ 1MW | 5 | cba-1 28.0 10600 7300 -
42 [36S | 1MW | 8 | abd-1 4.0 2890 880 -
43 [36S [ 1MW | 8 | bba-1 59.0 17500 16700 -
44 [ 36S | 1MW | 18 | bca-1 12.0 6030 2900 -
45 [ 36S | 12W | 20 | acc-1 15.0 7000 3700 -
46 [ 36S | 12W | 25 | bdd-1 23.0 9320 5900 -
47 [ 36S | 12W | 32 | ccb-1 45.0 14600 12400 -
48 [ 36S | 12W | 32 | ccc1 47.0 15000 13000 -
49 [37S [ 12W | 5 | bbb-1 19.0 8200 4800 -
50 | 37S [ 12W [ 5 [ bcb-1 18.0 7910 4500 -
51 | 37S [ 12W [ 14 [ abc-1 24.0 9590 6200 -
52 | 37S [ 12W | 14 [ dbd-1 12.0 6030 2900 -
53 | 37S [ 12W [ 23 [ acb-1 12 6030 2900 -
54 138S [ 12W | 4 [ cdc-1 0.3 510 50 40

Notes

a. Wells 47, 51, and 53 also have transmissivity estimates from aquifer-test data, included in table 4

as IDs T2 (= well 47, table 1), T3 (=well 51, table 1), and T4 (= well 53, table 1). For these wells,

figures 18 and 19 include the transmissivity values from table 1, and figure 20 includes
the transmissivity values from table 4.
b. Well locations use U.S. Geological Survey (USGS) convention (figure B.1).
T = Township, R = Range, Sec = Section, relative to Salt Lake 1855 Base Line and Meridian.
c. SC = specific capacity in gallons per minute per foot of drawdown,
from Bjorklund and others (1977).
d. Transmissivity calculated using equation (2), as described in text.
e. Transmissivity corrected using equation (3), as described in text.

f. Data from table 2.

Utah Geological Survey
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Table 2. Transmissivity estimates from specific-capacity tests of Cedar Valley water wells postdating Bjorklund and others (1978).

LOCATIONP SPECIFIC-CAPACITY TEST DATA®
Well Static Transmissivity | Transmissivity
Diameter Water Drawdown Duration | Yield | Well Depth | Total Open | from TGUESS |from equation (2)
D2 | T R | Sec POD (in) Level (ft) (ft) (hr) (gpm) (ft) Interval (ft) (ft2/sec)d (ft2/sec)®
55 [ 34S [ 11W | 22 S 250 W150 NE 8 102 15 65 17 130 30 250 1240
56 | 34S [ 11W | 36 S250 E100 W4 6 72 111 168 45 320 80 90 620
57 [ 35S | 10W [ 30 S295 E100 NW 8 302 90 34 142 400 120 330 1550
58 [ 35S [ 11W [ 1 N135 E 215 SW 12 53 150 48 151 830 530 200 1150
59 [ 35S | 1MW [ 3 | N1320 E1320 SW 12 40 230 168 350 690 300 340 1510
60 35S | 1MW [ 4 S60 W60 E4 8 62 136 10 125 457 42 170 1080
61 35S | 1MW [ 4 S1890 W680 N4 8 50 18 8 30 300 80 310 1600
62 [ 35S [ 11W | 4 N400 W640 E4 8 33 90 10 300 368 33 680 2550
63 [ 35S | 1MW [ 9 | N1516 W540 SE 8 42 3 14 15 400 120 1080 3350
64 [ 35S [ 11W | 10 S1320 N4 8.63 22 12 18 160 145 25 3150 6470
65 [ 35S [ 11W [ 10 N194 E42 SW 8 40 20 15 100 400 200 1090 3350
66 [ 35S | 1MW [ 10 | S250 S2310 E4 8 29 123 15 200 455 20 320 1580
67 [ 35S [ 11W | 12 S150 W840 E4 8 55 120 8 80 246 11 120 870
68 [ 35S | 1MW [ 13 | N1367 E138 SW 12 40 90 40 1400 510 65 4180 7170
69 [ 35S | 1MW | 16 | N200 W2023 SE 6 35 40 12 75 300 80 390 1740
70 [ 35S | 11W | 17 | S1110 W745 NE ] 70 100 8 50 171 6 80 720
71 [ 35S | 1MW [ 19 | N1100 E500 S4 8 50 150 13 200 528 46 260 1380
72 [ 35S [ 11W | 19 S720 E1320 W4 12 50 25 34 400 800 600 3910 7300
73 [ 35S | 11W | 21 N2130 W766 S4 6 70 3 12 50 420 40 4050 7500
74 [ 35S | 11W | 21 S430 W3827 NE 9 120 40 16 20 450 70 90 720
75 [ 35S | 1MW [ 21 S10 E10 NE 16 70 80 40 2000 400 300 8010 9850
76 [ 35S | 11W | 21 | N2675 W2048 S4 ] 88 106 11 250 461 20 470 2030
77 [ 35S [ 11W | 24 N80 E80 W4 12 115 180 30 950 286 94 1170 3480
78 [ 35S | 11W | 26 N823 E1582 W4 8 93 57 10 450 206 76 1750 4550
79 [ 35S | 11W | 27 N150 E120 W4 10 60 110 17 1500 335 135 3460 6560
80 [ 35S | 11W | 27 N1771 W50 S4 12 80 120 25 800 261 141 1490 4060
81 [ 35S | 1MW [ 30 | S1800 W900 NE 8 55 65 10.5 60 278 3 170 1080
82 | 35S [ 12W | 36 | N620 E1320 E4 10 53 52 15 1042 392 240 5220 8500
83 [36S | 1MW [ 8 S295 E580 W4 16 72 113 12 900 501 300 1630 4580
84 [36S | 11W | 17 S63 E76 NW 10 71 40 12 750 505 140 4610 8130
85 [ 36S | 1MW [ 18 | S2640 E2640 NW 16 67 130 72 1500 390 280 2960 5870
86 [36S | 12W [ 3 S66 E2699 W4 8 55 16 10 172 517 160 2410 5600
87 | 36S [ 12W | 20 | S2364 W700 NE 16 45 200 200 3200 802 640 5570 7300
88 [36S | 12W | 29 | S1134 E260 NW 8 145 50 12 70 502 15 270 1430
89 [36S | 12W [ 29 S625 W185 NE 8 25 10 48 24 392 16 540 2050
90 [36S | 12W [ 30 N660 W330 E4 6 140 20 18 40 203 20 430 1810
91 [36S | 12W | 31 | S860 W1100 N4 6 160 10 20 25 305 40 550 2110
92 [36S | 12W | 31 | N460 E1853 SW 6 180 40 8 30 360 80 140 940
93 [ 36S | 12W [ 34 | N1683 W2458 SE 6 20 50 12 150 550 7 640 2380
94 [36S | 13W [ 27 N168 E765 SW 8 80 240 48 16 405 120 10 190
95 [ 36S | 13W [ 28 | N1000 W1220 SE 6 219 240 36 3 401 80 2 60
96 [37S [ 12W [ 1 S100 E1170 NW 8 82 160 20 1000 500 200 1450 3890
97 [ 37S | 12W 3 S2452 W197 N4 6 10 20 24 15 356 20 150 940
98 [37S | 12W | 22 N1230 E211 S4 8 41 110 8 100 220 9 160 1070
99 [37S | 12W [ 26 N1000 E10 SW 8 58 20 22 50 212 80 530 2110
100 [ 37S [ 12W | 26 N692 E540 SW 6 84 2 12 18 200 80 2090 4970
101 37S [ 12W | 26 S618 W150 NE 8 88 230 20 7.5 390 80 4 120
102 | 37S | 12W | 28 N200 E1200 SW 6 126 200 8 100 400 100 90 720
103]38S | 12W | 5 [ N1280 W2013 SE 6 170 10 8 25 297 40 510 2110
Notes

a. Wells 82 and 86 also have transmissivity estimates from aquifer-test data, included in table 4 as IDs T7 (=well 82, table 2) and T5 (=well 86, table 2). For these wells,
figures 19 and 20 include the transmissivity values from table 2, and figure 20 incudes the transmissivity values from table 4.

o Q0 T

. Well locations use Point of Diversion (POD) (figure B.2) convention. T = Township, R = Range, Sec = Section, relative to Salt Lake 1855 Base Line and Meridian.
. Data are from well-drillers’ logs, available from the Utah Division of Water Rights, online (http://www.waterrights.utah.gov) or as paper files.
. Methods are discussed in text.
. Data from table 1.
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Table 3. Wells Bjorklund and others (1977, 1978) used to estimate transmissivity from specific-capacity test data, for which sufficient data are available to also use TGUESS.

\
LOCATION? SPECIFIC-CAPACITY TEST DATA® RESULTS
Well Static- Specific | Transmissivity | Transmissivity
Diameter Water Drawdown Duration Yield Well Depth Total Open | Capacity [from TGUESS |from equation (2)
1D T R | Sec [ Point (in) Level (ft) (ft) (hr) (gpm) (ft) Interval (ft) | (gpm/ft) (ft2/sec)® (ft2/sec)d
3 1338 [12| 14 | dda-1 6 48 10 15 20 145 7 2 350 1810
6 134S [ 11| 23 | bad-1 14 90 160 23 1500 596 396 9 2190 4970
11 [ 358 | 11 8 | dcc-1 10 45 158 10 500 300 100 3 620 2380
15 [ 35S | 11| 13 | cbe-1 12 22 90 40 1400 516 65 16 4180 7310
17 1 358 [ 11| 14 | aac-1 12 18 100 10 700 660 40 7 1450 4200
54 1385 |12 | 4 | cdc-1 8 32 133 2 40 404 37 0.3 40 510
Notes

a. Well locations use U.S. Geological Survey (USGS) convention (figure B.1). T = Township, R = Range, Sec = Section, relative to Salt Lake 1855 Base Line and Meridian.

oo o

. Data are from well-drillers’ logs, available from the Utah Division of Water Rights, online (http://www.waterrights.utah.gov) or as paper files.
. Methods are discussed in text.
. Data from table 1, shown for comparison with results from TGUESS.



Table 4. Aquifer-test data for Cedar Valley water wells and comparison of methods of estimating transmissivity.

LOCATION® AQUIFER-TEST DATA RESULTS Corrected
Distance from Well Static Total Transmissivity | Transmissivity
Pumped Well | Diameter Water Drawdown Time Yield [Screened| Transmissivity Storage from TGUESS | from equation (2)
ID? [ TypeP | T R | Sec [ USGS POD (ft) (in) Level (ft) (ft) (hr) (gpm) | Interval (ft3/day)¢ Coefficient (ft3/day)® (ft3/day)®
Data from Bjorklund and others (1978)f
T1 P 1358 |10W 18| cca-1 0 16 97 26.15 95 863 188 5200R 0.2 8000 8800
T2 P [36S [12W 32| ccb-1 0 16 70 30 30 1350 507 - - 16900 12400
o [36S [12W 32| ccc-1 652 16 53 28.62 30 1345 249 42000 0.0013 - -
o [37S [12w 5| bbb-1 1372 16 90 70.79 30 1345 207 52000 0.01 - -
o |37S |12wW 5|bcb-1 3100 16 70 74.72 30 1345 182 15000 0.0015 - -
o [36S [12wW 32| ccc-1 652 16 85 29.79 44 1400 249 46000R 0.0015 - -
T3 P 1378 |12W 14| abc-1 0 14 33 25 14 600 226 10000R - 5790 6200
T4 P 1378 |12W 23| acb-1 0 16 44 70.42 86 845 254 - - 3080 2900
o [37S [12W 23| aca-1 1000 16 83 - 86 845 193 2540 0.0005 - -
o 378 |12wW 23| cbd-1 2650 12 50 - 86 845 197 2700 0.013 - -
Data from Bulloch Brothers Engineering, Inc.9
T5 P [35S8 [12W 3 S66 E2699 W4 0 8 33.42 16.08 24 165 160 3150 - 3220 2400
T6 P 1358 |11W 9 S470 E310 N4 0 12 30.67 56.83 19 237 285 990 - 1170 870
T7 P 135S |12W 36 N620 W1320 E4 0 12 59.83 5.17 11.5 108 240 3630 - 6280 5400
T8 P [36S [12W 7 N209 E845 W4 0 8 60 22.25 21 270 100 4110 - 3840 2900
Data From Lowe and others (2000)"
T9 P 136S |12W 25 N1310 W50 S4 0 8 105.25 1.5 1.67 892 480 20900 - - -
Data From Utah Division of Water Rights (1980)
T10 P 358 | 1MW | 26 | acd-1 0 16 - - 358 1420 260 - - - -
o 35S [ 1MW [ 26 bca 2330 6 - - 358 - 40 18600 0.048 - -
o 35S [ 11W | 26 cha 2370 10 - - 358 - 145 15400 0.042 - -
Notes

a. Corresponds to label on figures 20 and 21. T2 = well 47, table 1; T3 = well 51, table 1; T4 = well 53, table 1; T5 = well 86, table 2; and T7 = well 82, table 2.
b. P = pumped well, 0 = observation well.
c. Well locations are in U.S. Geological Survey (USGS) (figure B.1) or Point of Diversion (POD) (figure B.2) notation. T = Township, R = Range, Sec = Section, relative to Salt Lake 1855 Base Line
and Meridian.
d. Figures 20 and 21 show these values. R = recovery data; all others are drawdown data.
e. Methods discussed in text.
f. From table 4, page 23 of Bjorkland and others (1978). For aquifer test T2, figure 21 uses a transmissivity of 38,333 square feet/day, the arithmetic mean of the four estimates shown.

g. From S. Finstick, Bulloch Brothers Engineering, Inc., written communication, 1999. Transmissivity values are the average of estimates from drawdown and recovery phases of a single test.
h. From pages 20-21 of Lowe and others (2000). TGUESS could not provide a transmissivity estimate for this test because it could not converge on a solution within 25 iterations.
i. Static water level and drawdown data are unavailable, precluding use of TGUESS.
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Figure 18AB. Comparison of transmissivity estimates from TGUESS and equation (2). A. Plot of transmissivity estimate versus well 1D (tables 1
and 2), arranged in order of increasing transmissivity. Transmissivity estimates from TGUESS (Bradbury and Rothschild, 1985) are considered more
accurate and are consistently lower than those from equation (2). B. Plot of percent difference between transmissivity estimates using TGUESS and
equation (2) against transmissivity calculated from TGUESS. Transmissivity estimates from the two methods are highly disparate for low transmis-
sivity values, but converge with increasing transmissivity. Percent difference calculated from data in tables 1, 2, and 3.

Linear Regression of Transmissivity Estimates
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Figure 20AB. Comparison of methods of estimating transmissivity. A. Plot of transmissivity estimates from aquifer-test analysis, TGUESS, and
equation (2). Estimates from aquifer-test analyses are considered most accurate. Aquifer-test value for test T2 is the averaged estimates from four
observation wells. Dataareintable4. B. Plot of percent difference between transmissivity estimates from TGUESS and equation (2), as compared
to transmissivity estimates from analysis of aquifer-test data. No systematic trends apparent. Percent differences calculated from data in table 4.



Geology of Cedar Valley, Iron County, Utah 39

several of the observation wells. No trend in recent meas-
urements of ground-water levels and chemistry in Cedar Val-
ley, including the southern part of the Enoch graben, supports ~ Figure 23 shows a proposed hydrostratigraphy for bed-
the hypothesis that intrabasin faults act as barriers to ground+ock units in the Cedar Valley drainage basin, based on qual-
water flow (J. Mason, U.S. Geological Survey, written com- itative evaluation of production to wells and springs and
munication, 2000). lithologic characteristics, chiefly degree and nature of ce-

The sub-basin structure of Cedar Valley may influence mentation and fracturing. Hydrostratigraphic units in figure
the present-day ground-water regime of the valley. The 23 are classified as (1) aquifer or potential aquifer, (2) het-
potentiometric surface in the southwestern part of the valley erogeneous, or (3) aquitard.
forms a closed low around Quichapa Lake (figure 1) which, Established and prospective bedrock aquifers in the
as discussed above, occupies a relic topographic low inherit-Cedar Valley drainage basin include Tertiary volcanic rocks,
ed from the Quichapa Lake sub-basin. The effect of the RushTertiary quartz monzonite, and the Jurassic Navajo Sand-
Lake sub-basin is less pronounced; the potentiometric sur-stone. These units likely accommodate significantly greater
face there is not a closed low but is nearly flat (figure 1). In underflow to the basin-fill aquifer than the other hydrostrati-
contrast, underflow through Iron Springs Gap and Mud graphic units in the drainage basin.

Spring Canyon may be guided by their present-day topogra- Exposures of densely welded ash-flow tuffs of the
phy, which is largely erosional and developed during Pleis- Quichapa Group (map unit Tqg) in and along the margins of
tocene time when they acted as drainage paths for Quichapdhe Harmony Mountains are highly fractured (figure 24),
and Rush Lakes, respectively (Wiliams and Maldonado, implying high hydraulic conductivity. The constituent for-
1995). The canyons were likely deeper during Pleistocene mations of the Quichapa Group and the underlying Isom For-
time than at present, and have since been partly backfilled bymation and Needles Range Group (combined as map unit Tin
alluvial and eolian deposits. on plate 1) form roughly tabular deposits of uniform litholo-

South of Mud Spring Canyon, the potentiometric surface gy (Mackin, 1960), so flow of ground water through these
slopes uniformly to the northwest near the contact betweenunits is not likely disrupted by facies variations present in
the buried northeastern lobe of the Three Peaks laccolith andnany other volcanic rocks. Quichapa Group rocks crop out
the basin fill (compare figures 1 and 11b). The quartz mon- in the Harmony Mountains southwest of Cedar Valley, and
zonite at that location may be highly permeable due to frac- likely continue into the subsurface of southwestern Cedar
tures, as observed in a quarry on the southeastern margin o¥alley without disruption by major faults. The Cedar City
Granite Mountain (figure 22), causing the decrease in the Quichapa #7 well (well 13, table B.1), the Buena Vista sub-
potentiometric surface (J. Mason, U.S. Geological Survey, division well (well 11, table B.1), and several private wells
verbal communication, 2000). draw water from volcanic rocks, most likely the Quichapa
Group. Withdrawal from volcanic rocks beneath southwest-
ern Cedar Valley is likely to increase as development contin-
ues.

Quartz monzonite of the Iron Axis laccoliths also dis-
plays high to moderate fracture density (figure 22). Accord-
ing to records from the Utah Division of Water Rights, few

Consolidated-rock aquifers are an important secondary wells are presently screened in quartz monzonite. Outcrops
component of the Cedar Valley drainage basin’s ground- of this unit along the western valley margin receive only

Hydrostratigraphy

HYDROGEOLOGY OF BEDROCK UNITS
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water system, but are currently of relatively minor impor-
tance for water supply (Bjorklund and others, 1978; J.
Mason, U.S. Geological Survey, verbal communication,
2000). The majority of precipitation within the Cedar Valley

drainage basin falls on bedrock (figure 1), and the basin-fill
aquifer is recharged primarily by infiltration of stream flow

from Coal Creek (Bjorklund and others, 1978), which repre-
sents a combination of runoff from precipitation and dis-
charge of shallow ground water from bedrock and overlying

about 10 to 12 inches (25-38 cm) of precipitation annually,
so likely contain little developable water. Basin-fill sedi-
ments in that area are relatively thin, so ground water may
preferentially enter the more highly permeable quartz mon-
zonite; this geometry is illustrated on the western part of
cross section B-B plate 2.

The Navajo Sandstone, the principal bedrock aquifer of
southwestern Utah (Heilweil and Freethey, 1992; Heilweil
and others, 2000), crops out east of Cedar City along the

colluvium. Underflow from bedrock to the basin-fill aquifer Hurricane Cliffs (figure 6; plate 1) and is present below the

li